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Abbreviations and Acronyms 
 
 
< Denotes a value that is “less than” the method detection limit. 
mV millivolts 
ppm parts per million 
ug/L micrograms per Liter 
 
 
BTEX Benzene, Toluene, Ethylbenzene, and total Xylenes 
DCO2 Dissolved Carbon Dioxide 
DO Dissolved Oxygen 
EC Electrical Conductivity 
EPA U.S. Environmental Protection Agency 
HCDEH Humboldt County Division of Environmental Health 
MSL Mean Sea Level 
MTBE Methyl Tertiary-Butyl Ether 
MW-# Monitoring Well-# 
ORP Oxidation-Reduction Potential  
SHN SHN Consulting Engineers & Geologists, Inc. 
TPHG Total Petroleum Hydrocarbons as Gasoline 
UST Underground Storage Tank 
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1.0 Introduction 
 
This report presents the activities and results of the first quarter 2005 quarterly groundwater 
monitoring conducted at the Fernbridge Market site, located at 623 Fernbridge Drive in the 
community of Fernbridge, California (Figure 1).  On March 8, 2005, SHN Consulting Engineers & 
Geologists, Inc. (SHN) performed the quarterly groundwater monitoring and sampling, as 
requested by the Humboldt County Division of Environmental Health (HCDEH).  SHN is 
submitting this quarterly groundwater monitoring report on behalf of Lindsay Investments.   
 
1.1 Background 
 
The Fernbridge Market site formerly contained two 650-gallon Underground Storage Tanks (USTs) 
used for the storage of gasoline (Figure 2).  The former USTs and associated dispenser pump were 
used for fueling vehicles (retail sales).  When Lindsay Investments purchased the site, the dispenser 
pump had been removed, but the USTs remained in place.  The ages of the former USTs are not 
known.  The piping located between the USTs and the dispenser pump was buried underground, 
and the dispenser was located within 15 feet of the former USTs. 
 
On March 13, 1996, the USTs were removed, and visible evidence of petroleum contamination was 
observed in the soil.  Based upon observations by the HCDEH and the subsequent laboratory test 
results, an unauthorized release report was filed.  On March 4, 1999, SHN conducted an initial soil 
and groundwater investigation adjacent to and hydraulically downgradient of the former USTs.  
Based upon the investigation results and laboratory testing, the HCDEH requested that a soil and 
groundwater investigation be conducted to assess site conditions downgradient of the former USTs. 
 
On May 16, 2000, SHN directed the installation of four groundwater monitoring wells at the 
Fernbridge Market site (MW-1 through MW-4, Figure 2).  SHN has performed quarterly 
groundwater monitoring at the site since June 6, 2000.  Subsequent soil and groundwater 
investigations have since been conducted at the site in September 2001, and April 2002. 
 
A remedial action was completed at the site in December 2004 to remove contaminant-impacted 
material.  Approximately 621 tons of petroleum hydrocarbon-impacted soil were removed from the 
site based on the presence of soil contamination identified from previous site investigations (SHN, 
March 2005).   
 
Two site monitoring wells located within the planned excavation area were properly abandoned by 
overdrilling, prior to commencement of excavation activities (MW-1 and MW-4, Figure 2).  
Monitoring well MW-5 was installed at the site in the backfilled portion of the excavation area on 
February 9, 2005, to replace the abandoned wells.  The first quarter 2005 monitoring event 
conducted on March 8, 2005, was the first sampling event to occur at the site since June 30, 2004. 
 
1.2 Objective 
 
The objective of this groundwater monitoring program is to assess current groundwater conditions 
beneath the site, and to evaluate the effectiveness of the mitigation efforts completed to date.   
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1.3 Scope of Work 
 
This scope of work is intended to meet the objective of this investigation.  As part of the 
investigation, all three groundwater monitoring wells at the site were measured for depth to water 
and sampled for field parameters and laboratory analysis.  All work was conducted in accordance 
with the approved monitoring plan and site safety plan developed for this project. 
 
2.0 Field Activities 
 
2.1 Monitoring Well Sampling 
 
As part of the monitoring program, monitoring wells MW-2, MW-3, and MW-5 were purged and 
sampled (Figure 2).  Prior to purging, each monitoring well was measured for depth to water, and 
checked for the presence of floating product (none was observed).  Electrical Conductivity (EC), 
pH, and temperature were monitored periodically during purging activities using portable 
instrumentation.  All wells were also measured for Dissolved Oxygen (DO), Oxidation-Reduction 
Potential (ORP), and Dissolved Carbon Dioxide (DCO2). 
 
A groundwater sample was then collected from each well utilizing a disposable polyethylene 
bailer.  The water samples were immediately placed in an ice-filled cooler, and submitted to the 
laboratory for analyses under appropriate chain-of-custody documentation.  Groundwater 
monitoring data sheets are included in Appendix A. 
 
2.2 Laboratory Analysis 
 
Each groundwater sample was analyzed for:  

• Total Petroleum Hydrocarbons as Gasoline (TPHG), analyzed in general accordance with U.S. 
Environmental Protection Agency (EPA) Method No. 8260B. 

• Benzene, Toluene, Ethylbenzene, and total Xylenes (BTEX), in general accordance with EPA 
Method No. 8260B.  

• Methyl Tertiary-Butyl Ether (MTBE), in general accordance with EPA Method No. 8260B. 
 
North Coast Laboratories, Ltd., a state certified analytical laboratory located in Arcata, California, 
completed the sample analysis. 
 
2.3 Equipment Decontamination Procedures 
 
All monitoring and sampling equipment was cleaned prior to being transported to the site.  All 
smaller equipment was initially washed in a water solution containing Liquinox® cleaner, followed 
by a distilled water rinse, then by a second distilled water rinse.  The groundwater samples were 
then collected using pre-cleaned, disposable bailers, and transferred into laboratory-supplied 
containers. 
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2.4 Investigation-Derived Waste Management 
 
All rinse water used for decontaminating field-sampling equipment and the well purge water was 
temporarily stored on site in a 50-gallon plastic drum.  The water was then transported to SHN’s 
1,000-gallon purge water storage tank located at 812 West Wabash Avenue in Eureka, California.  
Approximately 24 gallons of decontamination and purge water from the March 8, 2005, sampling 
event are being stored at SHN, and will eventually be tested and discharged, under permit, to the 
City of Eureka municipal sewer system.  A discharge receipt will be included in the next quarterly 
report.   
 
3.0 Groundwater Monitoring Results 
 
3.1 Hydrogeology 
 
SHN measured depth-to-groundwater elevations in the existing monitoring wells during the first 
quarter 2004, monitoring event (Table 1). 
 

Table 1 
Groundwater Elevations, March 8, 2005 

Fernbridge Market, Fernbridge, California 
Sample 

Location 
Top of Casing Elevation1 

(feet) 
Depth to Water2 

(feet) 
Groundwater Elevation 

(feet MSL)3 

MW-2 39.47 4.28 35.19 
MW-3 39.75 6.06 33.69 
MW-5 39.53 4.15 35.38 

1. Referenced to North American Vertical Datum 88 Datum. 
2. Below top of casing. 
3. feet MSL:  feet above Mean Sea Level 

 
On March 8, 2005, the groundwater flow beneath the Fernbridge Market site was to the southwest, 
toward the Eel River, with an approximate gradient of 0.105.  A groundwater contour map for the 
March 8, 2005, monitoring event is presented as Figure 3.  Historic groundwater elevations and 
gradients are presented in Appendix A, Tables A-1 and A-2, respectively. 
 
3.2 Groundwater Analytical Results 
 
The laboratory analytical results for the groundwater samples collected during the first quarter 
2005, monitoring event are summarized in Table 2.  TPHG was detected in the groundwater sample 
from well MW-5, at a concentration of 16,000 micrograms per Liter (ug/L).  BTEX components were 
also detected in this well at concentrations of 1,400 ug/L, 1,200 ug/L, 520 ug/L, and 1,740 ug/L, 
respectively.  MTBE was detected in the groundwater sample collected from well MW-2 at a 
concentration of 1.8 ug/L.  MTBE was not detected in any other groundwater samples collected  
during this monitoring event.  No detectable concentrations of TPHG or BTEX components were 
present in the groundwater samples from wells MW-2 and MW-3 during the March 8, 2005,  
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monitoring event.  The complete analytical test results, chain-of-custody documentation, and 
laboratory quality control data are included in Appendix C.  Historic analytical results are included 
in Appendix A, Table A-3. 
 

Table 2 
Groundwater Analytical Results, March 8, 2005 

Fernbridge Market, Fernbridge, California 
(in ug/L) 1 

Sample  
Location TPHG2 Benzene3 Toluene3 Ethylbenzene3 Total 

Xylenes3 MTBE3 

MW-2 <50 <0.5 <0.5 <0.5 <0.5 1.8 
MW-3 <50 <0.5 <0.5 <0.5 <0.5 <1.0 
MW-5 16,000 1,400 1,200 520 1,740 <3.0 

1. ug/L:  micrograms per Liter. 
2. Total Petroleum Hydrocarbons as Gasoline (TPHG), analyzed in general accordance with EPA Method No. 8260B. 
3. Benzene, Toluene, Ethylbenzene, total Xylenes, and Methyl Tertiary-Butyl Ether (MTBE), analyzed in general 

accordance with EPA Method No. 8260B. 
4. The value includes the reported gasoline components and additives in addition to other peaks in the gasoline range. 
5. <:  Denotes a value that is “less than” the method detection limit.  
 
3.3 Natural Attenuation Parameters 
 
DO, DCO2, and ORP were measured in monitoring wells MW-2, MW-3, and MW-5, prior to 
sampling, and are summarized in Table 3. 

 
Table 3 

DO, DCO2, and ORP Measurement Results, March 8, 2005  
Fernbridge Market, Fernbridge, California 

Sample Location DO1 
(ppm)2 

DCO23 
(ppm) 

ORP4 
(mV)5 

MW-2 1.31 100 82 
MW-3 1.76 80 26 
MW-5 2.75 100 65 

1. DO:  Dissolved Oxygen, field measured using portable instrumentation. 
2. ppm:  Measurement concentration, in parts per million. 
3. DCO2:  Dissolved Carbon Dioxide, field measured using a field test kit. 
4. ORP:  Oxidation-Reduction Potential measured using portable instrumentation. 
5. mV:  millivolts 

 
During the March 8, 2005, groundwater monitoring event, DO concentrations ranged from 1.31 
parts per million (ppm) in well MW-2, to 2.75 ppm in well MW-5.  These DO concentrations appear 
to be sufficient to support biodegradation.  DCO2 concentrations ranged from 80 ppm in well MW-3 
to 100 ppm in wells MW-2 and MW-5.  The DCO2 concentrations measured in the existing wells 
indicate that biodegradation is occurring.  ORP measurements  for this quarter ranged from -26 
millivolts (mV) in monitoring well MW-3, to 82 mV in monitoring well MW-2, indicating that 
aerobic and anaerobic conditions exist at the Fernbridge Market site.  Historical natural attenuation 
parameter measurements are presented in Appendix B, Table B-3. 
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4.0 Discussion and Recommendations 
 
The following conclusions are based on the results of the first quarter 2005, groundwater 
monitoring event: 

• Elevated concentrations of TPHG and BTEX were present in the groundwater sample collected 
from well MW-5 during the March 8, 2005, monitoring event.   

• A low concentration of MTBE was detected in the groundwater sample collected from well 
MW-2. 

• No detectable concentrations of TPHG or BTEX were present in the groundwater samples from 
wells MW-2 and MW-3 during the first quarter 2005 monitoring event. 

• ORP levels indicate aerobic and anaerobic conditions exist at the Fernbridge Market site.  In 
addition, DO and DCO2 concentrations indicate that natural attenuation of petroleum 
hydrocarbons is occurring at the site. 

• Groundwater flow at the site is to the southwest, with an approximate gradient of 0.105. 
 
Most of the impacted soil was removed and appropriately disposed; however, a portion below the 
structure remains.  
 
Groundwater monitoring well MW-5 is located within the gravel backfilled excavation area of the 
site.  The elevated levels of petroleum constituents present in MW-5 are likely associated with the 
disturbance of contaminated soil during the excavation process.  This disturbance resulted in the 
desorption of petroleum hydrocarbons into the groundwater within the excavated area.  Continued 
groundwater monitoring will demonstrate that the petroleum hydrocarbons found in well MW-5 
will decrease over time as a result of biodegradation.  The next groundwater monitoring event is 
scheduled for June 2005. 
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Well ID Date DO1 (ppm)2 DCO2
3 (ppm) ORP5 (mV)6

MW-1 9/18/2000 0.63 120 45
12/18/2000 0.78 60 94
3/2/2001 0.4 90 93
6/4/2001 0.09 70 183
9/5/2001 0.13 60 72

12/5/2001 0.3 70 161
3/5/2002 0.23 60 81
6/4/2002 0.37 120 215
9/5/2002 0.3 120 234

12/26/2002 0.48 50 125
3/7/2003 1.3 95 246

6/10/2003 0.39 65 234
11/20/2003 0.61 80 265
3/30/2004 0.6 140 280
6/30/2004 0.53 90 39
9/18/2000 0.6 120 110

MW-2 12/18/2000 0.75 80 95
3/2/2001 0.83 80 62
6/4/2001 0.12 80 159
9/5/2001 0.14 80 161

12/5/2001 0.21 70 213
3/5/2002 1.11 70 68
6/4/2002 0.38 70 208
9/5/2002 0.31 85 223

12/26/2002 0.53 80 145
3/7/2003 3.05 90 240
6/10/2003 0.4 50 224
11/20/2003 0.7 50 259
3/30/2004 0.72 70 290
6/30/2004 0.56 60 118
3/8/2005 1.31 100 82

MW-3 12/18/2000 1.86 100 75
3/2/2001 3.53 80 54
6/4/2001 2.2 80 152
9/5/2001 1.81 100 164

12/5/2001 3.76 50 56
3/5/2002 3.85 70 37
6/4/2002 1.95 60 200

Table A-4
Historic DO, DCO2, and ORP Measurement Results

Fernbridge Market, Fernbridge, California

Well Destroyed 10/16/04
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Well ID Date DO1 (ppm)2 DCO2
3 (ppm) ORP5 (mV)6

Table A-4
Historic DO, DCO2, and ORP Measurement Results

Fernbridge Market, Fernbridge, California

MW-3 9/5/2002 4.11 80 207
Cont'd 12/26/2002 4.27 60 198

3/7/2003 5.69 60 219
6/10/2003 2.71 60 213
11/20/2003 4.23 70 265
3/30/2004 3.28 80 297
6/30/2004 1.4 60 122
3/8/2005 1.76 80 26

MW-4 12/18/2000 0.7 200 42
3/2/2001 0.6 250 65
6/4/2001 0.16 200 117
9/5/2001 0.14 240 118

12/5/2001 0.16 210 134
3/5/2002 0.29 220 64
6/4/2002 0.32 220 174
9/5/2002 0.25 220 210

12/26/2002 0.45 180 145
3/7/2003 0.52 130 244

6/10/2003 0.31 70 251
11/20/2003 0.58 190 240
3/30/2004 0.97 140 283
6/30/2004 0.54 140 -102

MW-5 3/8/2005 2.75 100 65

2.  ppm:  Measured concenration, in parts per million
3.  DCO2:  Dissolved Carbon Dioxide, field measured using a field test kit
4.  ORP:  Oxidation-Reduction Potential measured using portable instrumentation
5.  mV:  millivolts

1.  DO:  Dissolved Oxygen, field measured using portable instrumentation

Well Destroyed 10/16/04
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SHN Consulting Engineers
& Geologists, Inc.


















